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pDG2: 

GTTAACTACtJTCAGGTGGCACT TTTCGG 

TGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATAT^ 

CGTGTCt5CCCTTATTCCCT1 TI 7"IXjCGGCATTTTGCCTTCL''l' U i ITT rGCTCACCCAGAAACGCTGGTGAAAGTAAAAGA 

TGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTC^ 

CCGAAGAACGTTCTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGCT 

GAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCA^ 

TGGCATGACAGTAAGAGAATTATGCAGTGCTGCC^ 

TCGGAGG ACCG AAGG AG CT AACCG CT TTT"1 "1G CACAACATGGGGGATCATGTAACTCG C CTTGATCGTTGGG AACCGG AG 

CTGAATGAAGCCATACCAAACGACGAGCX5TGACACCACGATGCCTGTAGCAA 

TGGCGAACTACTTACTCTAGCTTCCCGGCAACAATT 

GCTC^CCCTTCCGGCTGGCTGGTTTATTC 

CTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGACT 

ACAGATCGCTCAGATAGGTGCCTCACTGATTAAGGATTGGT^ 

ATTTACCCCGGTTGATAATCAGAAAAGCCCCAAAAACAGGAAGATT^^ 

TTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATT^ 

AAATCAAAAGAATAGCCOSAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA;^ 

CAACGTCAAAGGGCGAAAAAGCGTCTATCAGGGCGATCySCCCACrACGTGAACCATC^ 

CGAGGTGCCGTAAAGC^CTAAATCX^AACCCTAAAGGGAGCCCCCGATTrAGAGCTTC 

G AAAGG AAGGGAAG AAAGCGAAAGG AG CGGGCG CTAGGGCGCTGGCAAGTGTAGCGGTCACXj CTG CG CGTAACCACCACA 
CCCGCCGCGCTTAATGOJCCGCTACAGGGCGCGTAAAAGGATCTAGGTGAAGA 

TCCCTTAACGTGAGTTTTCGTTCGACTGAGeGT 1 1 m 1 

CTGCGCXjTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTT^ 

T CTTTTTCCG AAGGTAACTGG CTTCAGCAG AG CG CAGATACCAAATACTGTTCTTCT AG TGT AG CCGTAGTTAGG CCAC C 

ACTT CAAG AACTCTGTAG CACCGCCT ACAT ACCTCG CTCTG CT AATCCTGTT ACCAG TGG CTG CTG CCAGTGG CG AT AAG 

TCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCG^ 

AGAGCCCAGCTTGGAGCGAACXACCTACACCGAACTGAGA™^ 

AAGGGAGAAAGGOK}ACAGGTATCCGGTAAGCGGG&GGGT^ 

GCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGA^ 

GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTITACGGT^ 

AGTTAGCTCACTCATTAGGCACCCCAGGCTTTAC^CTTTATGCTTCCGGCT 

ACAATTTCACACAGG AAACAGCT ATG ACCATG ATT ACG CO^GCT CGG CCG CG TTT AAA C 

AATCTGCTCCTCTTTGGCTTGCTTCroCXX^ 

AGCGGCGCGCCGAATTCCTGCAGGATTCGAGGGCCCCTGCAGGTCAATTCTACCGGGTAGGG 

CAGTCTGGAGCATGCGCTTTAGCAGCCCCX5Cn^CACTTGGrc 

TC«CCGGTAG03CCAACCGGCTCrcTTCTTTGGTGGCCCCTTa;CGCCA 

CCCCCa3CCC03(^CrCGCX3TCGTGC^GGACT3TGAOUUlT^ 

CACCGCTGAGCAATGGAAGCGGGTAGGCCTTTGGGGC^GCGGCCAATAGC^ 

GGCTGGGAAGGGGTGGGTCCGGGGGCGGGCTCAGGGGCGGGCTCAGGGGCGGGGC^^ 

GGCATTCTCGC^CGCTTCAAAAGCGCACGTCTGCCXjCGCTGT^ 

CAAT ATGGG AT CGG CCATTG AACAAG ATGG ATTG CACGCAGG TTCT CCGGCCGCTTGGG TGG AG AGG CT ATTCGG CT ATG 

ACTGGGCACAAQ^GACAATCGGCTGCTCTGATGCCGCCGTC 

AAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGC^ 

TTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCT 

TGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATC^TGGCTGATGCAATC 

ACCTGCCC^TTCGACC^CC^GCGAAACATCGCATCGAGCGAGCACGTACT 

TG ATCTGG ACGAAGAGCATCAGGGG CTCG CG CCAG CCGAACTGTTCGCCAGG CTCAAGG CGCG CATG CCCG ACGG CG ATG 

ATCTCGTCGTGACCCATGGCXJATGCCTGCTTGCCGAATATGA 

GGCCXKJCTGGGTGTGGCGGACCXCTATCAGGACATAGrc 

GG CTCACCG CTTCCTCG TG CTTT ACGG TAT CGCCGCTCCCGATTCGCAGCGCATrc 

TCTTCTGAGGGGATCGATCCGTCCTGTAAGTCTGCAGAAATTGATGATCT 

AAGTTTTTCCTGTCATACTTTGTTAAGAAGGGTGAGAACAGA^^ 

GTGGGGGTGGGGTGGGATTAGATAAATGCCTGCTCTTTACTGAAGGCTCT 

TTGGATATCATAATTTAAACAAGCAAAACCAAATTAAGGGCCAGC^ 

TCTCTCXSTGGGATCATTGTTTTTCTCrrTGATTCCCACrrrTC 

TAGCCTGAAGAACGAGATCAGCAGCCTCTXSTTCCACATACACTTCATTCTCAGTATTG 

CAG AAGCTG ACT CT AG ATCTGG ATCCGGCCAGCTAGGCCGTCG ACCTCG AG TGATCAGGTACCAAGGTCCTCG 

TCCtjTTGAGCTCGACGACA CAGGA CACXGAAATTAATTAAGCCC^ 

TATTACGGACTGGCCGTCGTTTTACAACGTCGTGACTGGGAA^ 

TCCCCCTTTCGCCAGCTGGCXJTAATAGCGAAGAGGCCCGCACCXjATCXSCCCTTCCCAACAGTTG 
AATGGCGCTTCXiCTTGGTAATAAAGCCCXJCTTCGGCGGG CI" 11 HUT 




FIGURE 3A 



FIGURE 3B 



pDG4: 

GTTTAATAGTAATCAATTACGGGGTCATT^ 

CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGA 

CnTCGAATGACGTCAATGGGTGGAGTATTTA 

ACGCCCCCTATTGACGTCAATGACGGAAJ^TGGCCCGCCTGGC^ 

TTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATC 

GGriTGACTCACGGGGATTTCaUlGTCTCCACCCCATTGACGTCAA 

TTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATG 

AGCTGGTTTAGTGAACCGTCAGATCCGCTAGCKJCTACCGGTCGCC^ 

GGTGGTGCCCATCCTGGTCGAGCTGGACGGCGAOGTAAACGGCCACAAGTTCAGOT 

CCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCA^ 

CTGACCTACGGCCTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCA^ 

AGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCA^ 

ACACCCTGGTGAACCX3CATCGAGCTGAAGGGCATCGACT 

AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAAC^ 

CATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCC 

ACAACCACTACCTGAGGACCCAGTCCGCCCTGAGCAAAGACCCCAA 

GTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTCC^ 

CAT AATCAGC CATACCACATTTGT AGAGGTTTTA C ' ri ' GC 'A I '1 AAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATA 
AAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCT^ 

ACAAATAAAG C A ' l 111 CACTGCATTCTAG'l'T U 'l'UGl iUGTCCAAACrCATCAATGTATCTTAACGCGAACTACGTCA 
GGTGGCACTTTTCGGGGAAATGTG CG CGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCT 
G AGACAATAACCCTG ATAAATGCTTCAATAATATTGAAAAAGGAAGAG TATGAGT ATTCAACATTT CCG TG TCG CCCTTA 
TTCC Cl ' l J T I TOCGGCATTTTGCCTTCCAX i lTTTTGCTCACCCAGAAAOGCTGGTCAAA^ 
TTGGGTGCACGAGTCKXJTTACATCXIAACTGGATCT 

TCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCXSCGGTATTATCCCXj 

G CCGCATA CACT ATTCT CAGAATGACTTt^TTGAGTA CTTA CGG ATGG CATG ACAG TA 

AGAGAATTATGCAGTGCTGCCATAACC&TGAGTGATAA 

GGAGCTAACCG Cri ' U ' rritS CACAACATGGGGGATCATGTAACTC^ 

TACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATG^ 

ACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCG^ 

GGCTGGCTGGTTTATTGCTCATAAATCTGGAGCCOTTGA^ 

<3TAAGCCCTCCCGTATCGTAGTTATCTA(^CGA05GGGAGTCAGGCAA 

ATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCA 

GATAATCAGAAAAGCCCCAAAAACAGGAAGATTGTATAAGCAAATATTTAAATTC 

CGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCrc 

AGCCCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAA^ 

CGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCAC^ 

AG CA CT AAATCGG AA C CCT AAAGGGAGC CCCCXJ ATTT AG AG CTTG A CGGGG AAAG CG AA CG TGG CG AG AAAGG AAGGG AA 

GAAAGCGAAAGGAGCGGGCGCTAGGGCXJCTGGCAAGTGTAGCGGTCArc 

ATGCGCCCCTACAGGGCXjCGTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCT 

GTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATC 

GGTGCTTGCA^CAAAAAAACCACCGCTACCAGCGG 

GTAACTGGCTTCAGCAGAGCXSCAGATACCAAATACntjTTCTTCTAGTGTAGCCGTA^ 

TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTC^ 

GGTTGGACTCAAGACGATAGTTACCGGATAAGGCGC^GCGG^ 

GAGCSAAttACCTACACCGAACTGAGATACCTACAGCGTGAG 

GGAGAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACXJAC^^ 

ATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTITGTGATC 

AACXSCCAGCAACGCGGCCTTTTTACGGTTCCTCGCCTTT^ 

ATTAGGCACCCCAGGCTTTACACTTTATX3CTTCCGGCTCX3TATGTTGTC 

GG AAACAGCT ATG A CCATGATT A CGCCAAG CTACG T AAT ACG ACT CACT AGG CGG CCG CG TTT AAACAATG TG CTC CT CT 
TraCTTGCTTCCGCGGGC^GCCAG^ 

ATTC CTG CAGG ATT CG AGGG CCC CTG CAGG TCAATTCTACCGGG T AGGGGAGGCG CTTTTC CCAAGG CAG T CTGG AG CAT 
GCGCTTTAGCAGCCCCGCTGGCACTTGGCGCTACACAAGTGGCCTCTGGCCTCGCA 
CCAACCGGCTCCGTTCTTTGGTGGCCCCTTCGCGCCACCT 
AGCTCGCGTCGTG CAGG ACX3TGACAAATGGAAGTAGCACX3TCT CACT 
TGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATACCAGCrrrc 
TGGGTCCXX^GGGCGGGCTC^GOGGCGGGCTCAGGGGC^ 
GCTTCAAAAGCXjCACGTCTGCCXjCGCTGTTCTCCTCJTCCT 
GCCATTGAAC^GATGGATTGCACGCAGGrrCTrcCM 
*GA^TCGGCTGCTCTGATGCCGCCGTGTTC<XGCTC 
CCGGTGCCCTGAATGAACTGCAGGACGAGGC^GCGCGGCTATCXiTGGC^ 
CTCXSACGTTGTC^CTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTC 



TGCTCCTCCCGAGAAAGTATCCATCATGGCTGATG 

ACCACCAAGCGAA&CATCX3CATCGAGCGAGC&rc 

GAGCATCAGGGGCTCGCXSCCAGCCGAACTGTTCGCCAGGCT^ 

CXATCGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCrr 

TGGCGGACCGCTATCAGGAC^TAGCGTTGGCTACCCGTGATATTGCTGAAGAGC^ 

CTCGTGCTTTACGGTATCGCCGCTCCCGATTrc 

T CG AT C CG T C CTG T AAG TCTG CAGAAATTG ATGAT CTATTAAACAAT AAAGATGTCX^CT AAAATGG AAG TT TTT C CTG T 

CAT A CTTTG TT AAGAAGGG TG AGAA CAG AGT A C CT A CA TTTTGAATGGAAGGATTGGAGCT A CGGGGG TGGGGG TGG GG T 

GGGATT AGAT AAATG CCTG CT CTTT ACTGAAGGCTCTTTACTATTG CTTT ATGAT AATGTTTCAT AGTTGG AT AT CAT AA 

TTTAAACAAGCAAAACCAAATTAAGGGCCAGCT 

CATTGTTTITCTCTTGATTCCCACTTTGTGGTTCT 

GAGATCAGCAGCCTCTGTTCCACATACACTTCATTCTCAGTATTC 

TAGATCTGGATCTGGCCAiSCTAGGCCGTCGACCTaSAGT^ 

ACGACACAGGACACGCAAATTAATTAAGGCCGGCCCGTACCCTCTAGTCAA 

CCGTCtJTTTTACAACGTCGTGACTGGGAAAACCCT^ 

AGCTGGCGTAATAGCXIAAGAGGCCCGCACCGATCGCCCTTC 

TTGGTAATAAAGCCCGCTTCGGCGGGCrnT'lTlT 



FIGURE 3B (Continuted) 
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FIGURE 6 
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pDG4 Vector 



GGACATGGACTGCTATCTGCGTCGCCTCAAACAGGAGCTGATGTCCATGAAGGAGGTGGGGGATGGCTTG 
CAGGATCAGATGAACTGCATGATGGGCGCAGACTGGGCTAGCTGGAGAGAGACAAGAACCAAAAGCACAG 
CCTTCCTGTGTGATTTCTACAGCCCCCAGAGCACCATGGACCCAGGGAAACCCAGGAAAAACGTGCTGGT 
GGTGGCTCTCCTTGTCATTTTCCAGGTGTGCTTCTGCCAAGATGAGGTCACCGATGACTACATCGGCGAG 
AATACCACGGTGGACTACACCCTGTACGAGTCGGTGTGCTTCAAGAAGGATGTGCGGAACTTTAAGGCCT 
GGTTCCTGCCTCTCATGTATTCTGTCATCTGCTTCGTGGGCCTGCTCGGCAACGGGCTGGTGATACTGAC 
GTACATCTATTTCAAGAGGCTCAAGACCATGACGGATACCTACCTGCTCAACCTGGCCGTGGCAGACATC 
CTTTTCCTCCTAATTCTTCCCTTCTGGGCCTACAGCGAAGCCAAGTCCTGGATCTTTGGCGTCTACCTGT 
GTAAGGGCATCTTTGGCATCTATAAGTTAAGCTTCTTCAGCGGGATGCTGCTGCTCCTATGCATCAGCAT 
TGACCGCTACGTAGCCATCGTCCAGGCCGTGTCGCGTCATCGCCACCGCGCCCGCGTGCTTCTCATCAGC 
AAGCTGTCCTGTGTGGGCATCTGGATGCTGGCCCTCTTCCTCTCCATCCCGGAGCTGCTCTACAGCGGCC 
TCCAGAAGAACAGCGGCGAGGACACGCTGAGATGCTCACTGGTCAGTGCCCAAGTGGAGGCCTTGATCAC 
CATCCAAGTGGCCCAGATGGTTTTTGGGTTCCTAGTGCCTATGCTGGCTATGAGTTTCTGCTACCTCATT 
ATCATCCGTACCTTGCTCCAGGCACGCAACTTTGAGCGGAACAAGGCCATCAAGGTGATCATTGCCGTGG 
TGGTAGTCTTCATAGTCTTCCAGCTGCCCTACAATGGGGTGGTCCTGGCTCAGACGGTGGCCAACTTCAA 
CATCACCAATAGCAGCTGCGAAACCAGCAAGCAGCTCAACATTGCCTATGACGTCACCTACAGCCTGGCC 
TCCGTCCGCTGCTGCGTCAACCCTTTCTTGTATGCCTTCATCGGCGTCAAGTTCCGCAGCGACCTCTTCA 
AGCTCTTCAAGGACTTGGGCTGCCTCAGCCAGGAACGGCTCCGGCACTGGTCTTCCTGCCGGCATGTACG 
GAACGCGTCGGTGAGCATGGAGGCGGAGACCACCACAACCTTCTCCCCGTAGGGGGCTCCCCTGCCCGGA 
CTACAAGGACCTCTCCCAGGAGCCTTAATGTGGTGCACACATGCACAGACTCTCCATCCACCGAATTGCT 
GCTGAGGGAAGAGCAATTCTGGCCAGTCAGGTTGACATGAGGACCTAAGAAACTGCTTAACCCCATCCCA 
CTTATAACTACCTCAACCAAAGCTGTAAAAGATATGGCTGAGAAGTTAACACTCAAGCCAAGACAGCTAT 
CCCCAAAACGACAGCCAAAAGTGAAAGTGAGAGGCTCCACACTTTCCGGAGTGAGGGATGTGGGGCCAGT 
GAACACCCTGGTTGAGTAGTCTTCGGAGGCCTCTGAATGAACCTGCTTCTAGCTTAGAGAGATGTCCCGG 
AGATTCAAGACAGAGCTTATCTCCACACTTAGCAAGCAAGCAAGAGATGACAGTCTCTCTAAATGCTCCC 
ACAGAGCACCCCTGCCCCTCCCTTCTGCCTCTCCACCGCCTTTCCTGAGGTCCAGGCCACACCATGACGC 
TGAGGCAGTCCCAGCTGGGGCTCTGGATGGCAATGACAAGTAGTTGGGTCTCTATGATGGGAATAAAAAG 
GTAGGGGAAAGGTGACAGGAAGGAGAGAAGGTGACCCTGCTGGCTGACAGAGGCCAGCAAGCTACTTCTT 
TGTTCTCTGTCAGCCAGCCACTGATACCTTTCCTCATGTTCTGCTTTTGATTCATATATCTTTTATGAAG 
AAACAAATAAAAAAAAAATTTTCCCTCGAGGAAACAACTTGG 
(SEQ ID NO: 19) 



Targeting Vector (5' arm; 200 bp flanking neo insert): 

GATGACTACATCGGCGAGAATACCACGGTGGACTACACCCTGTACGAGTCGGTGTGCT 
TCAAGAAGGATGTGCGGAACTTTAAGGCCTGGTTCCTGCCTCTCATGTATTCTGTCATC 
TGCTTCGTGGGCCTGCTCGGCAACGGGCTGGTGATACTGACGTACATCTATTTCAAGA 
GGCTCAAGACCATGACGGATACCTA (SEQ ID NO: 21 ) 



Targeting Vector (3' arm: 200 bp flanking neo insert): 

AACCAGCAAGCAGCTCAACATTGCCATGACGTCACCTACAGCCTGGCCTCCGTCCGCT 
GCTGCGTCAACCCTTTCTTGTATGCCTTCATCGGCGTCAAGTTCCGCAGCGACCTCTTC 
AAGCTCTTCAAGGACTTGGGCTGTCTCAGCCAGGAACGGCTCCGGCACTGGTCTTCCT 
GCCGGCATGTACGGAACGCGTCGGT (SEQ ID NO: 22 ) 



FIG. 8 



